A linear code over finite field is called Euclidean self-dual if the code is self-dual under the Euclidean inner-product. The Euclidean self-dual code is called MDS or near-MDS if the code attains or almost attains the Singleton bound. In this paper we construct new Euclidean self-dual MDS or near-MDS codes over GF (41) of length up to 10.
Introduction
A linear [n, k] code C over GF (q) is a k-dimensional subspace of GF (q) n , where GF (q) is the Galois field with q elements. The value n is called the length of C and the element of C is called the codeword of C. The weight wt(c) of a codeword c ∈ C is the number of nonzero components of c. [2] . An [n, k, n − k] almost MDS code for which the dual code is also an almost MDS code is called a near-MDS code [5] .
MDS codes are equivalent to geometric objects called n-arcs [10, p. 326 ] and also to combinatorial objects called orthogonal arrays [10, p. 326] . Moreover, very recently, Dodunekov [4] announced the important of self-dual near-MDS codes in Cryptography. Hence, many people have been interesting in the construction of MDS or near-MDS self-dual codes over large fields (see e.g. [6] , [1] , [9] , [8] , [7] ). In particular, Kim and his coauthors (see [9] , [7] ) used a construction method, called building-up method, to create MDS or near-MDS self-dual codes. Moreover, they also showed that every self-dual codes over certain fields can be obtained by building-up method.
The purpose of this paper is to provide some more examples of MDS or near-MDS self-dual codes. We obtained several new MDS or near-MDS self-dual codes of length 4, 6, 8, and 10 over the field GF (41), which were unknown to exist before.
Construction method
The following building up construction is given in [9] . Theorem 2.1 (Building-up method) Assume that q is a power of an odd prime such that q ≡ 1 (mod 4). Let c be in
of length 2n, where l i and r i are the rows of the matrices L and R respectively, for
The key point of the above theorem to constructing new self-dual codes is to supply generator matrices of self-dual codes of length 2 shorten than the length of codes we want to construct. The more we supply generator matrices of length 2n the bigger the chance to obtain new codes of length 2n + 2.
Results
In this section, we apply the building-up method to construct self-dual MDS or near-MDS codes over GF (41). All computer calculations were done by MAGMA [3] and MATHLAB.
Length 4
Since 32 2 = −1, we have that G = (1 32) is a generator matrix of a self-dual MDS code of length 2. By building-up method we obtained three inequivalent self-dual MDS or near-MDS codes of length 4. We note that only C 2 is equivalent with the one constructed by Kim and Lee [9] .
Codes generator matrix weight enumerator |Aut(C j )| 
Length 6
For length 6, we obtained many (inequvalent) self-dual MDS or near MDS codes. Some of them are listed below. 
Length 10
For length 10, we obtained many (inequivalent) self-dual MDS or near MDS codes. Some of them area listed below.
Codes half-right of weight enumerator |Aut(C j )| generator matrix 
Concluding remarks
As we have shown there are many self-dual MDS and near-MDS codes over GF (41) of several small lengths constructed by using the building-up method. We notice that our MDS codes of length 10 are different with the ones constructed by [9] , since our codes have A 6 = 8400 while [9] 's ones have A 6 = 880, 960, and 720. From mass formula [1] , we know that the number of distinct self-dual codes over GF (p) of length n is given by
where C is the set of all inequivalent self-dual codes of length n. Remembering that the order of automorphism group of any code is greater than 1, we obtained that the number of inequivalent binary self-dual codes of length n is greater than
For example, the lower bound for length 8 and 10 is 943 and 7405182, respectively. It means that there is some expectation to obtain many more self-dual MDS or near-MDS codes over this field. More comprehensive result, which is now in preparation, will be published elsewhere in a separate paper.
